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Contamination and health risk hazards of organophosphorus pesticides residues in vegetables were stud-
ied. Ethyl-chlorpyrifos, observed at an average level of 0.211 ± 0.010 mg kg�1 in 42% of tomato,
0.096 ± 0.035 mg kg�1 in 10% of eggplant and 0.021 ± 0.013 mg kg�1 in 16% of pepper was below the
0.5 mg kg�1 MRL. Dichlorvos was the most frequently detected residue in all the samples analyzed. Levels
of malathion in tomatoes (0.120 ± 0.101 mg kg�1) and pepper (0.143 ± 0.042 mg kg�1) exceeded the MRL
of 0.1 mg kg�1. Health risks were found to be associated with methyl-chlorpyrifos, ethyl-chlorpyrifos, and
omethioate in tomatoes and methyl-chlorpyrifos, ethyl-chlorpyrifos, dichlorvos, monocrotophos and
omethioate in eggplant. Routine monitoring of these pollutants in food items is required to prevent, con-
trol and reduce the pollution and to minimize health risks.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Organophosphate pesticides (OP) are widely used in agriculture
and animal production for the control of various insect pests in
many developing countries like Ghana. Most OP are only slightly
soluble in water and high oil–water partition coefficients and a
low vapour pressures (WHO, 1986). Majority of OP are liquids of
comparatively low volatility, (except dichlorvos), and they all un-
dergo degradation by hydrolysis, yielding non-toxic, water-soluble
products. Toxic hazards of OP are therefore essentially short-term
in contrast to that of the persistent organochlorine pesticides.
Organophosphorus pesticides however have higher acute toxicities
than chlorinated pesticides but they have an advantage of being
more rapidly degraded in the environment. Their toxicological ef-
fects are mostly due to the inhibition of acetylcholinesterase in
the nervous system, resulting in respiratory, myocardial and neu-
romuscular transmission impairment (Goh et al., 1990).

WHO/FAO (1990) estimated an annual worldwide total of 3 mil-
lion cases of acute and severe pesticide poisoning with some
220,000 deaths. The majority of these cases of poisoning and
deaths occur in the developing countries, although far greater
quantities of pesticides are used in the developed countries (Bhanti
et al., 2004). Recent data reveals that the largest proportion of hu-
ll rights reserved.
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man acute toxicity of pesticides is due to organophosphorus pesti-
cides (Ecobichon, 2001).

Acute toxic effects of pesticides on animals and humans are
fairly easily recognized, but the effects that result from long-term
exposure to low doses are often difficult to distinguish. In particu-
lar, the effects of a regular intake of pesticide residues in food are
hard to detect and quantify. An exposure or risk assessment is
necessary in order to ascertain the effects due to regular intake
of pesticide residues in food.

Several indices of residue levels can be used to predict pesticide
residue intake. The Maximum Residue Limits (MRL) is one such
index and represents the maximum concentration of a pesticide
residue (mg/kg) that the Codex Alimentarius Commission recom-
mends be legally permitted in food commodities and animal feeds.
The Acceptable Daily Intake (ADI) which is the estimated amount
of a substance in food (expressed on a body-weight basis) that
can be ingested daily over a lifetime without appreciable health
risk to the consumer could also be used to predict the dietary in-
take of pesticide residues. The estimated dietary intake of a pesti-
cide residue in a given food is obtained by multiplying the residue
level in the food by the amount of that food consumed. The Esti-
mated Average Daily Intake (EADI) of pesticide residues should
be less than its established ADI (WHO, 1997).

Ghanaians rely extensively on OP for pest control and disease
vector eradication (Clarke et al., 1997). Some of these toxic chem-
icals are either completely banned or are allowed for restricted use
only. Management and regulation of these chemicals in developing
countries are, however, often inadequate due to lack of resources,
weak import controls, poor storage and stock management, lack

mailto:godfreddarko@yahoo.com
mailto:wofakmann@yahoo.com
http://www.sciencedirect.com/science/journal/02786915
http://www.elsevier.com/locate/foodchemtox
https://www.researchgate.net/publication/8061526_Contamination_Levels_of_Organochlorine_Pesticides_and_Farmers_Knowledge_Perception_Practices_in_Rural_India_A_Case_Study?el=1_x_8&enrichId=rgreq-e2b2b2dfd20e795132495b850067059d-XXX&enrichSource=Y292ZXJQYWdlOzIzMzkzMjM0O0FTOjI1NTc3MzUxNTE4NjE3NkAxNDM3OTkyNTY2MzUz
https://www.researchgate.net/publication/8061526_Contamination_Levels_of_Organochlorine_Pesticides_and_Farmers_Knowledge_Perception_Practices_in_Rural_India_A_Case_Study?el=1_x_8&enrichId=rgreq-e2b2b2dfd20e795132495b850067059d-XXX&enrichSource=Y292ZXJQYWdlOzIzMzkzMjM0O0FTOjI1NTc3MzUxNTE4NjE3NkAxNDM3OTkyNTY2MzUz
https://www.researchgate.net/publication/13918377_The_problems_associated_with_pesticide_use_by_irrigation_workers_in_Ghana?el=1_x_8&enrichId=rgreq-e2b2b2dfd20e795132495b850067059d-XXX&enrichSource=Y292ZXJQYWdlOzIzMzkzMjM0O0FTOjI1NTc3MzUxNTE4NjE3NkAxNDM3OTkyNTY2MzUz
https://www.researchgate.net/publication/12086434_Pesticide_use_in_developing_countries?el=1_x_8&enrichId=rgreq-e2b2b2dfd20e795132495b850067059d-XXX&enrichSource=Y292ZXJQYWdlOzIzMzkzMjM0O0FTOjI1NTc3MzUxNTE4NjE3NkAxNDM3OTkyNTY2MzUz
https://www.researchgate.net/publication/20770517_Acute_Organophosphorus_Food_Poisoning_Caused_by_Contaminated_Green_Leafy_Vegetables?el=1_x_8&enrichId=rgreq-e2b2b2dfd20e795132495b850067059d-XXX&enrichSource=Y292ZXJQYWdlOzIzMzkzMjM0O0FTOjI1NTc3MzUxNTE4NjE3NkAxNDM3OTkyNTY2MzUz


3704 G. Darko, O. Akoto / Food and Chemical Toxicology 46 (2008) 3703–3706
of training and education on appropriate pesticide use and wide-
spread misuse of pesticides (Waichman et al., 2007). Due to high
demand for farm produce and low perception of the toxic effects
of pesticide residues in food (Amoah et al., 2006; Bhanti and Tane-
ja, 2007) some farmers do not wait long enough for the residues to
wash off after spraying before harvesting. Increased use of OP in
agriculture has therefore resulted in the occurrence of residues
and metabolites in food commodities.

Research data available have indicated the presence of organo-
chlorine pesticide residues in dairy products, meat (Darko and Ac-
quaah, 2007, 2008) fish, water, sediments (Darko et al., 2008) and
in human blood and breast milk (Ntow, 2001) in Ghana. No pub-
lished data is, however, available on the levels of OP residues in
the biota. This work, therefore, seeks to provide the baseline infor-
mation on contamination levels of OP pesticide residues in vegeta-
bles found on the Ghanaian market and to elucidate their hazard
indices. Because pesticide residues in food constitute a significant
health risk, their continuous monitoring and control in food items
is of great importance.

2. Materials and methods

Pesticide residue grade of acetonitrile (99.5%) and ethylacetate (99.8%) were
purchased from BDH. Organophosphorus pesticides standards (methyl-chlorpyri-
fos, ethyl-chlorpyrifos, dichlorvos, dimethoate, monocrotophos, omethioate,
methyl-parathion and ethyl-parathion) were purchased from Ehrenstorfer GmbH
(Augsburg, Germany) in sealed vials. Glassware were washed with detergent, rinsed
with distilled water and acetone and were heated to 180 �C for 2 h. Standard solu-
tions were prepared in ethylacetate and stored at 4 �C in a refrigerator.

A total of 50 samples each of tomatoes, eggplant, and pepper were collected
randomly from Kumasi Central Market between the periods of May–July 2006
and December 2006–March 2007. Samples collected were immediately wrapped
in aluminum foil, placed in an ice-chest kept at 4 �C and sent to the laboratory
for analysis. In the laboratory, similar samples were wholly bulked together and
ground in a waring blender to obtain a homogenous composite.

Two grams of each ground sample was weighed in a 10 mL screw-capped tube,
5 mL of acetonitrile was added and, after agitation in a rotatory shaker for 15 min,
the acetonitrile layer was allowed to separate and then removed by decantation.
Two other extractions were made. The combined acetonitrile phase was centrifuged
for 2 min at 3000 rpm and the supernatant carefully transferred in a graduated vial.
The extracts were concentrated to about 2 mL using a Buchi rotary evaporator oper-
ating at temperature of 30 �C at a reduced pressure (Bhanti and Taneja, 2007; Chun
and Kang, 2003). Internal standard was added and the extract was made up to 2 mL
with acetonitrile before GC injection.

A Shimadzu Gas Chromatograph, GC-9A, equipped with a flame photometric
detector, CR-7A integrator, DB-1 (methyl polysiloxane) and DB-17 (50% phenyl,
50% methyl polysiloxane) wide-bore capillary columns (30 m � 0.53 mm
ID � 1.5 lm film thickness) was used for the analyses. The gas chromatographic
analysis was performed under the following conditions: detector temperature
was 250 �C, injector temperature was 250 �C and column temperature was 200 �C
(isothermal). Carrier gas was helium at a flow rate of 17 ml min�1. One microliter
(splitless) of sample was injected into the GC in the phosphorus mode (Saeed
et al., 2005).

Untreated samples were fortified at 0.001 mg kg�1 by adding standard pesticide
solutions. The samples were allowed to equilibrate for 30 min prior to extraction.
After extraction and solvent evaporation, the samples were analyzed according to
Table 1
Mean recovery of blank samples spiked with various OP standards of samples examined i

Tomatoes Eggplant

Recovery (%) RSD (%) LD (mg kg�1) Recovery (%

Methyl-chlorpyrifos 91 7 0.008 90
Ethyl-chlorpyrifos 94 4 0.005 94
Dichlorvos 89 3 0.003 92
Dimethoate 99 5 0.002 105
Malathion 96 2 0.001 94
Monocrotophos 102 4 0.001 99
Omethioate 98 4 0.009 96
Methy-parathion 88 6 0.006 90
Ethyl-parathion 93 3 0.008 92

RSD = relative standard deviation.
LD = limits of detection.
the proposed method. The recovery values were calculated from calibration curves
constructed from the concentration and peak areas of the chromatograms obtained
with standards of the OP (Table 1). Detection limits of the method were found by
determining the lowest concentrations of the residues in each of the matrices that
could be reproducibly measured at the operating conditions of the GC using a sig-
nal-to-noise ratio of three (Table 1). Blank analyses were also performed in order to
check interference from the sample. All analyses were carried out in triplicates and
the mean concentrations were calculated based on the number of samples that
tested positive to each sample.

3. Results and discussion

The mean recoveries for the residues ranged from 88% for
methyl-parathion in tomatoes to 105% for dichlorvos in eggplant
(Table 1). These recovery values show that the method used is
reproducible. Detection limits ranged from 0.001 mg kg�1 to
0.015 mg kg�1 indicates that the GC at its operation conditions
was sensitive to the analytes (Araoud et al., 2007; Gilvydis and
Walter, 1999). Repeatability studies yielded a relative standard
deviation lower than 10% in all cases (Table 2).

Ethyl-chlorpyrifos was detected at an average concentration of
0.211 ± 0.010 mg kg�1 in 21 out of 50 (42%) of tomato samples ana-
lyzed. This level of ethyl-chlorpyrifos determined is less than the
0.5 mg kg�1 MRL set by the WHO (FAO/WHO, 1993). The average
level of ethyl-chlorpyrifos measured in 10% of eggplant samples
analyzed was 0.096 ± 0.035 mg kg�1 while it occurred at a mean
of 0.021 ± 0.013 mg kg�1 in 16% of pepper samples.

Methyl-chlorpyrifos occurred in 30% of tomatoes and 8% of egg-
plant. It was however not detected in any of the pepper samples.
The mean concentrations of methyl-chlorpyrifos obtained were
0.160 ± 0.091 mg kg�1 and 0.028 ± 0.014 mg kg�1 in tomatoes and
eggplant, respectively. These levels observed are below the MRL
of 0.5 mg kg�1 for tomatoes, 0.1 mg kg�1 for eggplant and
0.5 mg kg�1 for pepper.

Dichlorvos was the most frequently detected residue in all
the samples. It occurred at a mean concentration of
0.022 ± 0.013 mg kg�1 in 48% of tomato, 0.151 ± 0.035 mg kg�1 in
42% of eggplant and 0.090 ± 0.063 mg kg�1 in 26% of pepper
samples analyzed.

Malathion occurred in 32% of tomato sample at an average con-
centration 0.120 ± 0.101 mg kg�1. In the eggplant, the level of mal-
athion was 0.298 ± 0.089 mg kg�1 whilst it occurred at a mean
concentration of 0.143 ± 0.042 mg kg�1 in pepper. Levels of mala-
thion in tomatoes and pepper exceeded the MRL of 0.1 mg kg�1.

Monocrotophos was detected in two samples each of tomatoes
and eggplant at mean concentrations of 0.063 mg kg�1 ± 0.022 and
0.060 ± 0.022 mg kg�1, respectively. It was however, not detected
in any of the pepper samples analyzed.

Methyl-parathion was detected in five samples each of toma-
toes and eggplant and in eight of pepper samples. The average con-
centrations of methyl-parathion were 0.021 ± 0.013 mg kg�1 in
n this study (n = 5)

Pepper

) RSD (%) LD (mg kg�1) Recovery (%) RSD (%) LD (mg kg�1)

11 0.002 94 7 0.005
6 0.006 93 1 0.002
9 0.001 91 6 0.005
7 0.005 98 3 0.004
3 0.005 97 2 0.005
5 0.005 96 8 0.003
8 0.008 95 5 0.005
6 0.006 96 10 0.004
4 0.005 91 2 0.002
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Table 3
Reported organophosphorus residues levels in Egyptian vegetables during 1997 (Dogheim et al., 2002)

Tomatoes Eggplant Pepper

Mean (mg kg�1) Range (mg kg�1) Mean (mg kg�1) Range (mg kg�1) Mean (mg kg�1) Range (mg kg�1)

Methyl-chlorpyrifos 0.16 0.09–0.47
Ethyl-chlorpyrifos 0.20 0.23–0.26 0.47 0.04–1.30
Dimethoate 0.07 0.07–0.07 0.50 0.05–3.20
Malathion 0.31 0.31–031 0.90 0.05–0.13

Table 2
OP pesticide levels detected in vegetable samples obtained from Kumasi market, Ghana

MRL
(mg kg�1)

Tomatoes (n = 50) Eggplant (n = 50) Pepper (n = 50)

Mean
(mg kg�1)

SD Range
(mg kg�1)

(%) Mean
(mg kg�1)

SD Range
(mg kg�1)

(%) Mean
(mg kg�1)

SD Range
(mg kg�1)

(%)

Methyl-chlorpyrifos 0.5a,c 0.1b 0.160 0.091 0.044–0.524 30 0.028 0.014 0.015�0.084 8 – – – –
Ethyl-chlorpyrifos 0.5a 0.211 0.010 0.171�0.251 42 0.096 0.035 0.065�0.236 10 0.021 0.013 0.001�0.039 16
Dichlorvos NA 0.022 0.013 0.044�0.274 48 0.151 0.035 0.120�0.291 42 0.090 0.063 0.001�0.213 26
Dimethoate 1c 0.250 0.182 0.228�0.978 42 0.210 0.053 0.162�0.422 26 0.160 0.010 0.011�0.244 18
Malathion 0.1a,c 0.120 0.101 0.074�2.620 32 0.298 0.089 0.176�0.340 18 0.143 0.042 0.093–0.218 24
Monocrotophos NA 0.063 0.011 0.019�0.107 12 0.060 0.022 0.040�0.148 2 – – –
Omethioate NA 0.012 0.016 0.040�0.076 36 0.110 0.062 0.054�0.358 16 0.001 0.001 0.001�0.036 20
Methyl-parathion-

methyl
NA 0.021 0.013 0.010�0.073 10 0.041 0.001 0.031�0.058 12 0.018 0.011 0.013�0.068 16

Ethyl-parathion NA 0.081 0.034 0.026�0.217 16 0.061 0.021 0.042�0.145 10 0.089 0.005 0.061�0.264 12

LD = below detection.
SD = standard error of mean.
NA = MRL not available for commodities analyzed.

a MRL of OP in tomato.
b MRL of OP in eggplant.
c MRL of OP in pepper.
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tomatoes, 0.041 ± 0.001 mg kg�1 in eggplant and
0.018 ± 0.011 mg kg�1 in pepper samples. Ethyl-parathion was de-
tected at mean concentrations of 0.081 ± 0.034 mg kg�1 in 16% of
tomato samples, 0.061 ± 0.021 mg kg�1 in 10% of eggplant and
0.089 ± 0.005 mg kg�1 in 12% of pepper samples. These levels of
ethyl-parathion and methyl-parathion observed are higher than
the 0.006 mg kg�1 ethyl-parathion and 0.003 mg kg�1 methyl-
parathion in vegetables recorded in a similar study in China (Bai
et al., 2006). Levels of ethyl-parathion were higher than its metab-
olite, methyl-parathion in all the vegetable types. Similar trends
were observed between ethyl-chlorpyrifos and methyl-chlorpyri-
fos, and also dimethoate and omethoate. This may be an indication
that the residues detected are as result of current and/or continu-
ous usage of the pesticides.

No MRL is yet established for dichlorvos, monocrotophos,
omethioate, methyl-parathion and ethyl-parathion in vegetables
(tomato, eggplant and pepper) analyzed.

Table 3 reports the levels of OP residues measured in vegetables
surveyed from eight Egyptian markets in 1997 (Dogheim et al.,
Table 4
Health risk assessment based on average daily intake of pesticide residues in vegetables

WHO/FAO ADI (mg kg�1day�1) Tomatoes

EADI
(mg kg�1 day�1)

Hazard

Methyl-chlorpyrifos 0.001 0.0060 5.960
Ethyl-chlorpyrifos 0.001 0.0079 7.860
Dichlorvos 0.004 0.0008 0.205
Dimethoate 0.01 0.0093 0.931
Malathion 0.02 0.0045 0.224
Monocrotophos 0.0006 0.0023 3.912
Omethioate 0.0003 0.0004 1.490
Methly-parathion 0.02 0.0008 0.039
Ethyl-parathion 0.005 0.0030 0.603
2002). Except for dimethioate in eggplant, all OP residues mea-
sured in that survey were generally higher than those reported in
this work. Also, levels of all the residues (except for ethyl-para-
thion and methyl-parathion) obtained in this survey were higher
than those obtained from a similar survey on Danish market during
2000–2001 (Poulsen and Andersen, 2003). This is the usual trend
expected between samples from developed nations (like Denmark)
and developing one (like Ghana).

Health risk indices of the residues were computed using the
data obtained and food consumption assumptions. FAO (2003)
quotes the per capita food consumption rate in Ghana as
13.56 kg yr�1, 17.27 kg yr�1 and 0.12 kg yr�1, respectively for
tomatoes, eggplant and pepper.

Estimated Average Daily Intake (EADI) was found by multiply-
ing the average residual pesticide concentration (mg kg�1) by the
food consumption rate (kg day�1). Estimated the hazard indices
were obtained by dividing the EADI (mg kg�1 day�1) by their cor-
responding values of WHO/FAO acceptable daily intakes, ADI
(WHO, 1997).
Eggplant Pepper

index EADI
(mg kg�1 day�1)

Hazard index EADI
(mg kg�1 day�1)

Hazard index

0.0013 1.328 0.0000 0.000
0.0046 4.555 0.0000 0.007
0.0072 1.791 0.0000 0.007
0.0100 0.996 0.0001 0.005
0.0141 0.707 0.0000 0.002
0.0028 4.745 0.0000 0.000
0.0052 17.397 0.0000 0.001
0.0019 0.097 0.0000 0.000
0.0029 0.579 0.0000 0.006
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Table 4 contains the average daily intake values of the residues
and their corresponding hazard indices in the three sample types.
Health indices of methyl-chlorpyrifos (5.960), ethyl-chlorpyrifos
(7.860), omethioate (1.490) in tomatoes were more than unity.
Similarly, the health indices of methyl-chlorpyrifos (1.328),
ethyl-chlorpyrifos (4.555), dichlorvos (1.791), monocrotophos
(4.745) and omethioate (17.397) in eggplant were more than
one. Thus, lifetime consumption of tomatoes and eggplant from
Kumasi Market could pose some health risks due the levels of OP
residues present in them. No health hazard was found associated
with the consumption of pepper as the indices for all the residues
in pepper were less than one.

The results underline that OP residues are present in vegetables
on Kumasi Market and that routine monitoring of these pollutants
in food items is required to prevent, control and reduce the pollu-
tion and to minimize health risks. This research has provided
important information on OP residues contamination on vegeta-
bles from Kumasi for the first time.
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